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Feline hippocampal and piriform lobe 
necrosis as a consequence of severe cluster 
seizures in two cats in Finland
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Abstract 
Feline hippocampal and piriform lobe necrosis (FHN) has been reported from several countries worldwide and is 
considered an important aetiology for feline epileptic seizures. The aetiology of FHN remains unclear, however it is 
suspected that FHN might occur secondary to intense epileptic activity as described in humans and dogs although 
this has not yet been documented in cats. The purpose of our report is to describe the first cases of FHN in Finland 
diagnosed by magnetic resonance imaging (MRI) and histopathology. The two cases we describe had a well docu-
mented history of pre-existing seizures with normal brain MRI at the onset of cluster seizures but MRI done when the 
cats exhibited clinical deterioration secondary to severe seizure activity, revealed lesions in the hippocampus and piri-
form lobes typical of FHN. Our report confirms that feline hippocampus and piriform lobe necrosis does occur in the 
Finnish cat population and should therefore be considered as a differential diagnosis in cats with seizures. In addition, 
the presentation, clinical findings, results of MRI and/or histopathology shows that cats may develop FHN secondary 
to severe seizure activity.
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Background
Feline hippocampal necrosis (FHN), also known as 
necrosis of the hippocampus and piriform lobe, is recog-
nized in several countries worldwide, with reports from 
Switzerland, Italy, Austria, United Kingdom, USA and 
Australia among others, and is considered an important 
aetiology for seizures [1–7], especially in feline complex 
partial seizures with orofacial automatism associated 
with hippocampal necrosis (FEPSO-HN) [8]. Interictal 
behavioural changes are regularly seen in addition to the 
seizures [1–4, 8]. A presumptive diagnosis of feline hip-
pocampal necrosis can be made with magnetic resonance 
imaging (MRI) in vivo [3, 4, 8, 9] and is characterized by 
bilateral lesions in the hippocampus and occasionally in 
the piriform lobe, and the final diagnosis is confirmed by 
histopathology; with lesions consisting of acute neuronal 
degeneration and evolving to complete necrosis mainly 
in the pyramidal layer and occasionally the dentate gyrus 
of the hippocampus [1–3].
Feline hippocampal necrosis appears to have a diverse 
aetiology, with a presumable environmental or toxic 
aetiology suspected in early reports [1–3]. Later reports 
have described FHN as a consequence of auto-immune 
inflammation (limbic encephalitis) [9], together with 
neoplasia, a so called dual-pathology [10] and vascular 
aetiology has been suggested [11, 12]. Recently, FHN as 
a consequence of seizures has been hypothesized [5, 8].
The first purpose of this retrospective case study is to 
demonstrate that FHN occurs in Finland. The second 
purpose is to report that cats with hippocampal lesions 
typical for FHN at necropsy and/or MRI can have a 
longer history of seizures with normal MRI at the onset 
of cluster seizures, indicating that FHN may develop sec-
ondary to severe seizure activity in cats.
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Case presentations
The cases were collected retrospectively from medical 
records. Two male cats were examined at Referral Ani-
mal Neurology Hospital Aisti, Finland. Both cases were 
examined by a diplomate or a resident of the European 
College of Veterinary Neurology (ECVN). Both cats were 
native to Finland, had limited or no outdoor access and 
in one case other cats in the same household remained 
healthy throughout the observation period. Details 
regarding ancillary diagnostics, emergency treatment, at 
home treatment, anaesthesia, MRI equipment, position-
ing, sequences, imaging parameters and contrast media 
not presented in the text can be found in Tables 1 and 2.
Case 1
A 2 years and 2-month-old male neutered (MN) domes-
tic shorthaired cat (DSH) was referred because of gen-
eralized tonic–clonic epileptic seizures which started 
10  days prior to referral. The cat had experienced four 
seizures within 24 h, the last seizure had occurred within 
hours at the time of presentation and treatment with 
diazepam was given the day prior to referral. There was 
no previous medical history of seizures.
The cat was presented in a postictal state and neuro-
logical examination revealed mild depression, abnor-
mal postural reactions in all four limbs and decreased 
menace response bilaterally. Magnetic resonance imag-
ing of the brain was performed the same day the cat 
was admitted and was interpreted to be normal at 
this stage (Figure  1a–c). Treatment with peroral (PO) 
phenobarbital was started. Over the following years 
the cat had seizures with 2–3  months interval, usually 
manifesting as two or three generalized tonic–clonic 
seizures over a few days period. The cat was normal 
interictally during this time period. Two years and 
8  months after the onset of epilepsy, the cat had ten 
generalized tonic–clonic seizures within 3 days. On the 
4th day, behavioural changes manifesting as aggression 
developed, and the owner observed bilateral mydriasis. 
The cat was re-evaluated at the referral clinic approxi-
mately 24  h after the last seizure. Neurological exami-
nation was difficult to perform due to aggression. Mild 
ataxia and tetraparesis was observed as well as exagger-
ated menace response bilaterally. The cat was sedated 
with medetomidine, 75  µg/kg intramuscularly (IM), for 
electroencephalography (EEG). Continuous epileptic 
activity localized at the C3 electrode, localized caudo-
dorsally and centrally over the brain, representing the 
left occipital lobe, manifesting as short paroxysms and 
spike activity was recognized (Figure  2). Phenobarbital 
was given intravenously (IV) but epileptic activity per-
sisted until anaesthesia was induced with propofol IV. 
Follow up MRI of the brain was performed the same 
day. Magnetic resonance imaging findings consisted of 
moderate to marked bilateral symmetric hyperintense 
lesions in T2W and FLAIR images as well as hypointense 
lesions in T1W images in the hippocampus and piriform 
lobe without any evidence of a mass effect. Moderate to 
marked contrast enhancement was recognized bilater-
ally in the hippocampus (Figure 1e–h). The MRI results 
Table 1 Summary of selected material, methods and results not mentioned in the text for two cats with FHN
EEG electroencephalography, IV intravenously, IM intramuscularly, PO per os, SID once daily, BID twice daily.
a Domitor vet, Orion Pharma Animal Health, Finland.
b FenemalRecip, Recip, Sweden; Barbivet®, Vetcare oy, Finland.
c Stesolid® Novum, Actavis, Iceland.
d EEG performed using portable EBNeuro EEG equipment (Galileo Be Light Peripheral Configuration, EBNeuro, Firenze, Italy) and a method of standardized placement 
of EEG electrodes resembling the 10–20 international system for humans. A 14-channel reference montage (F7, F3, F4, F8, T3, C3, Cz, C4, T4, P3, Pz, P4, O1, O2; 
sensitivity, 10 µV/mm; time constant, 0.3 s; Hf, 70 Hz; notch filter inserted; reference: between the eyes on the ridge of the nose; ground: caudally to the external 
occipital protuberance) was used to record the EEG. Sixteen EEG needles (EEG needles, 30 gauge 15 mm monopolar stainless steel needle electrodes, BIONEN S.a.s., 
Firenze, Italy) were inserted as subdermal active, reference, and ground electrodes. Impedances did not exceed 5 Ω.
Case 1 Case 2
Ancillary diagnostics Haematology and serum biochemistry profile normal, CSF 
normal
Haematology and serum biochemistry profile normal, EEGd-no 
epileptic activity
EEGd (2nd exam): duration 39 min 55 s; continuous short  
paroxysms and spikes at the C3 electrode
Emergency treatment 2nd exam: medetomidineª 75 µg/kg 1st exam: phenobarbitalb 10 + 4 + 4 mg/kg IV, diazepamc 
0.5 mg/kg IV, medetomidinea 40 µg/kg intramuscular
IM, phenobarbitalb 10 mg/kg IV 2nd exam: medetomidinea 30 µg/kg IM, diazepamc 0.5 mg/kg 
IV and phenobarbitalb 6 mg/kg IV
At home treatment Diazepam 0.6 mg/kg twice daily (BID) orally (PO) was started 
the day prior to referral
Phenobarbitalb 3 mg/kg BID PO prior to referral
Phenobarbitalb 1.9 mg/kg BID PO, increased to 3.8 mg/kg BID 
after 2 months
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were consistent with previous MRI descriptions of cats 
with FHN confirmed by necropsy [3, 4, 8, 9]. The cat was 
euthanized; the brain was formalin-fixed, and sent to the 
Neuropathology Laboratory at the Animal Health Trust, 
Newmarket, UK, for post mortem examination. Gross 
inspection of the brain revealed no abnormalities. Histo-
pathology confirmed lesions restricted to the hippocam-
pus and piriform lobe. Lesions were most pronounced 
in the dentate gyrus and the pyramidal cell layers. The 
majority of the pyramidal cells of the hippocampus had 
undergone eosinophilic neuronal necrosis and there was 
a notable drop out of neurons with sparse reactive glio-
sis (Figure 3). Moderate swelling of capillary endothelial 
cells and mild lymphoplasmacytic and histiocytic cuffing 
around nearby blood vessels were evident. A few eosino-
philic neuronal necroses were observed in areas of the 
piriform lobe. The results of histopathology indicate 
sub-acute lesions and were consistent with hippocampus 
and piriform lobe necrosis [1–3].
Case 2
A MN DSH cat had the first seizure episode at the age 
of 1  year and 2  months. The cat was examined by the 
referring veterinarian after the onset of epilepsy; no clini-
cal abnormalities were found, no diagnostic imaging of 
the brain was performed and no antiepileptic treatment 
was given at this time. The cat had sporadic seizures of 
unspecified frequency for the next 7 months, and at this 
point the cat had a cluster of seizures lasting several days. 
The seizures were predominantly complex focal and char-
acterized by impaired consciousness, mydriasis, saliva-
tion, aggression, piloerection of the back, twitching of the 
head and ears and occasionally secondary tonic–clonic 
generalization. The cat had seizures every 20 min the day 
after cluster onset, and phenobarbital therapy PO was 
initiated by the referring veterinarian without improve-
ment. Three days after cluster onset, the cat was referred 
for evaluation and further work up. The neurological 
examination was performed in the postictal period and 
Figure 1 Case 1. a–c First MRI examination. A-T1W transversal, B-T2W transversal, C-T1W with contrast transversal magnetic resonance images. 
Normal appearance of the brain. Case 1. e–h Second MRI examination of the brain 32 months after epilepsy onset. E-T1W transversal, F-T2W trans-
versal, G-T1W with contrast transversal, H-FLAIR transversal magnetic resonance images. Arrows indicate bilateral hyperintensity in the hippocampus 
in T2W + FLAIR and contrast enhancement in T1W + C. Magnetic resonance imaging findings consists of moderate to marked bilateral symmetric 
hyperintense lesions in T2W and FLAIR. Moderate to marked contrast enhancement is seen bilaterally in the hippocampus. d D-T2W sagittal mag-
netic resonance image with reference line located in rostral midbrain indicating where the transversal slices were obtained.
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was abnormal with severe depression; postural reac-
tions were generally decreased and menace response 
was absent bilaterally. During examination the cat had 
a short focal seizure with twitching of the face and mild 
salivation. Medetomidine 30  µg/kg was given immedi-
ately after the seizure for EEG examination, no epileptic 
activity was detected. Magnetic resonance imaging of 
the brain was performed after EEG and was interpreted 
to be normal (Figure 4a–c). The cat was hospitalized. He 
continued to have focal seizures repeatedly the following 
days, with a frequency of up to approximately one every 
15 min, in spite of antiepileptic therapy with phenobarbi-
tal, diazepam and medetomidine (Table 1). The seizures 
were controlled after 24  h and the cat was discharged. 
Due to recurrent seizures, the cat was re-evaluated 4 days 
after the first MRI examination. The cat had the last sei-
zure within 12  h of examination. Additional neurologi-
cal signs like circling to the left and behavioural changes 
manifesting as severe aggression were present. A full 
neurological examination was not possible to accomplish. 
Follow up MRI of the brain was performed immediately 
after the neurological examination.
Magnetic resonance imaging findings consisted of 
moderate bilateral symmetric T2 hyperintensity and 
T1-hypointensity of the hippocampus and piriform lobe, 
no mass effect was evident. Marked bilateral hyperinten-
sity of the hippocampus was recognized in FLAIR and 
mild contrast enhancement bilaterally in the hippocam-
pus in T1W post-contrast, in accordance with a pre-
sumed ante-mortem diagnosis of FHN (Figure 4e–h) [3, 
4, 8, 9]. The cat was euthanized. Necropsy was declined 
by the owner and not performed in this case.
Conclusions
The two cats described here constitute the first reported 
cases of FHN from Finland. This verifies that FHN also 
occurs in Finland and should be considered as a dif-
ferential diagnosis in cats with epilepsy. The clinical 
presentation with acute onset of severe cluster seizure 
(CS) activity, abnormal menace responses, abnormal 
behaviour and abnormal mentation, together with the 
results of follow-up MRI of the brain as well as the neu-
ropathological findings reported here are identical to 
what has been reported earlier in cats with necrosis of 
Figure 2 Case 1. EEG at second presentation after onset of severe cluster seizures. Continuous epileptic activity can be seen, localized at the C3 
electrode, manifesting as short paroxysms and spike activity.
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the hippocampus and piriform lobe [1–3, 8, 9]. How-
ever, both of the cats reported here had a well-docu-
mented history of pre-existing sporadic seizures, of 
32  months and 7  months duration respectively, before 
onset of severe CS activity. In case 1 the MRI done at 
the initial examination at seizure onset was normal, but 
when the cat returned with severe cluster seizures after 
32  months the MRI was consistent with hippocampal 
and piriform lobe pathology, and the diagnosis of FHN 
was confirmed by histopathology. In case 2 no MRI was 
performed at the referring clinic at the first onset of 
sporadic seizures, but at the first consultation in AISTI 
7  months later the initial MRI was interpreted as nor-
mal. The second MRI 4 days later after onset of severe 
seizure activity indicated hippocampal pathology, pos-
sibly FHN. This suggests that in both cats hippocam-
pal pathology might have been secondary to severe 
seizures, although it cannot be excluded that FHN was 
already present at the first MRI, and may have pro-
gressed over time during the course of seizure disease, 
and lesions were too subtle for detecting initially. As 
the MRI findings are not exclusive for FHN: oedema, 
perfusion change, vasodilatation and blood–brain bar-
rier alteration could not be ruled out as possible lesions 
leading to the described MRI changes, especially in 
absence of histopathology. In case 2 no post-mortem 
examination was allowed and the presumed FHN could 
not be confirmed by histology.
FHN has for a long time been accepted as a cause of 
seizures in cats, with a presumable environmental or 
toxic aetiology [1–3]. Later reports have described FHN 
together with neoplasia, a so called dual-pathology [10] 
or as a consequence of auto-immune inflammation (lim-
bic encephalitis) [9]. Recently, FHN as a consequence of 
seizures has been hypothesized [5, 8]. To the authors’ 
knowledge, these are the first reports of cats with FHN 
having a normal MRI at onset of sporadic seizures and 
abnormal MRI at follow-up after experiencing severe 
cluster seizures indicating these seizures, as a possible 
cause for the development of subsequent FHN.
Figure 3 Case 1. Histopathology of the brain. Histology of different cornu ammonis segments (CA) 1 through 4. All areas show eosinophilic nerve 
cell necroses (white arrowheads). Presumable synaptic incrustation is occasionally seen (black arrowhead). CA4 is most severely affected and presents 
with severe cytodepletion next to actual nerve cell necroses. There further is an astrogliosis (AG) and microglial reaction (MG). Hil hilus of dentate 
gyrus, SGZ subgranular zone, GCL granular cell layer of dentate gyrus, HE, Prof.
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A proposed pathological mechanism preceding hip-
pocampal necrosis is endogenous or exogenous exci-
totoxicity, a pathological process where neurons are 
damaged and/or killed by glutamate, the main excita-
tory neurotransmitter in the brain [13–15], or related 
substances. The consequence of excitotoxicity-mediated 
neuronal injury is selective hippocampal neuronal loss of 
primarily CA1 and CA3 pyramidal cells. None of the cats 
described in this report had any evidence of exposure to 
toxins. They lived primarily indoors, and other cats in 
the same household, exposed to the same environmen-
tal factors, remained healthy throughout the observa-
tion period. This suggests that environmental toxins are a 
less likely cause of FHN in the animals described here. In 
addition excessive glutamate concentrations and second-
ary endogenous excitotoxicity-mediated neuronal injury 
can be seen as a consequence to incidences such as head 
trauma, ischemia/hypoxia and hypoglycaemia [13–15]. 
No evidence of any traumatic, ischemic/hypoxic event or 
hypoglycaemia was present in the two cats making those 
factors unlikely to be the cause of FHN.
Dual pathology is a situation where FHN is accompa-
nied by an additional extra-hippocampal brain lesion act-
ing as an epileptic focus causing hippocampal sclerosis, 
or co-existing with the hippocampal lesion. There is one 
case report in the literature of a cat with FHN and an oli-
godendroglioma in the piriform lobe [10]. Dual pathol-
ogy cannot be entirely ruled out in the cats described 
here but it is unlikely that a second lesion would go unde-
tected by MRI and/or necropsy in both cases.
Suspected autoimmune limbic encephalitis (LE) asso-
ciated with voltage-gated potassium channel complex 
antibodies resulting in hippocampal pathology in 14 cats 
with FEPSO-HN was recently described [9, 16]. Nec-
ropsy was available in one cat and lesions consisted of 
hippocampal necrosis [9]. The triggering factor for the 
Figure 4 Case 2. a–c First MRI examination. A-T1W transversal, B-T2W transversal, C-T1W with contrast transversal magnetic resonance images. 
Normal appearance of the brain. Case 2. e–h Second MRI examination of the brain 4 days later. E-T1W transversal, F-T2W transversal, G-T1W with 
contrast transversal, H-FLAIR dorsal magnetic resonance images. Arrows indicate bilateral hyperintensity in the hippocampus in T2W + FLAIR and 
contrast enhancement in T1W + C. Magnetic resonance imaging findings consists of moderate bilateral symmetric T2-hyperintensity of the hip-
pocampus. Marked bilateral hyperintensity of the hippocampus is seen in FLAIR and mild contrast enhancement bilaterally in the hippocampus 
in T1W post-contrast. d D-two T2W sagittal magnetic resonance images with one reference line located in rostral midbrain indicating where the 
transversal slices were obtained and one reference line showing the level where the dorsal FLAIR slice obtained.
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immune-mediated process is under investigation. A posi-
tive response to immunosuppressive doses of predniso-
lone and antiepileptic therapy was noted in the majority 
of cases with full remission of signs. In case 1, LE cannot 
be completely excluded due to mild lymphoplasmacytic 
and histiocytic cuffing around blood vessels, a feature 
that has been described in previous reports of FHN [1–
3]. No additional testing for auto-antibodies was available 
at the time of the case. Whether LE could be present or 
not in case 2 is not possible to discuss in the absence of 
post-mortem examination.
Necrosis of the hippocampus is described in humans 
[17–19] and in dogs [20–25] as a sequela to status epi-
lepticus and/or cluster seizures, with both typical MRI 
changes and histopathology resembling the changes 
reported for cats with confirmed FHN [3, 4, 8, 9]. A well-
known dilemma in humans is whether brain lesions in 
the postictal period are the cause or the consequence of 
the seizures. In humans it is also known that seizures or 
status epilepticus also can induce reversible, completely 
or incompletely, abnormalities in the brain [26–28]. 
These matters has not been analysed in cats but it must 
be taken into consideration that the same situation may 
be true. Cases 1 and 2, although having normal first MRI 
at onset of cluster seizures, showed those typical hip-
pocampal changes on MRI later in the course of the dis-
ease after worsening of CS, indicating that lesion may be 
seizure-induced but it cannot be excluded that both cats 
may have developed FHN for unrelated reasons. Also, 
histological findings in case 1 were consistent with what 
has been described earlier in FHN and in seizure-induced 
lesions reported in humans and dogs [17–25, 29].
There is only limited data available on EEG in cats with 
naturally occurring seizures. Brauer et  al. [30] did find 
generalized spikes as an EEG abnormality at maximum 
voltage in one of three cats with a presumptive diagno-
sis of hippocampal necrosis. Pakozdy [31] described syn-
chronous discharges in a cat with seizures due to limbic 
encephalitis. The changes started in the occipital region 
and spread to the ipsilateral frontal and contralateral 
occipital region, presumably representing a subclinical 
partial epileptic seizure. Interestingly a convincing asso-
ciation between ictal semiology and limbic localization 
could not be confirmed by EEG in case number 1. Epi-
leptic activity in this cat was recognized in the C3 region; 
placed caudo-dorsally and centrally over brain, represent-
ing the left occipital lobe, as the placement of electrodes 
was done resembling the 10–20 international system 
for humans, and not over the temporal-parietal region. 
This indicates that seizures might have been originating 
from an extra-hippocampal region, and could strengthen 
the hypothesis that the hippocampal changes are con-
sequence and not cause of the seizures, although the 
representation of the superficial EEG may differ from the 
epileptic activity of deeper situated structures depending 
on the propagation of the seizure.
Feline hippocampal necrosis appears to have a hetero-
geneous aetiology and may be the consequence as well as 
the cause of seizures in some individuals. Our findings 
that cats with FHN can have a longer history of seizures 
preceding acute cluster seizures or status epilepticus and 
subsequently develop FHN, could lead to the conclusion 
that intense seizure activity can lead to FHN in some cats. 
A possible explanation why FHN as a consequence of sei-
zures has not been reported earlier may be that cats in 
general are less susceptible to seizure-induced neuronal 
injury than other species [32]. However, ischemic injury 
compatible with the changes found in cats with FHN 
are found in experimental global cerebral ischemia [33]. 
Another potential reason why previously reported cases 
of FHN have no history of seizures preceding develop-
ment of hippocampal necrosis may be that the first (often 
focal) seizures have not been witnessed by the owner, as 
many cats are living partly outdoors and/or without con-
stant supervision. The accuracy of history can be low in 
such cases and cats may therefore falsely been classified 
as healthy prior to/until the diagnosis of FHN. A third 
reason might be the lack of initial and/or follow up MRI 
in the majority of feline patients.
Our findings that cats with FHN can have a longer his-
tory of seizures preceding acute CSs or SE and subse-
quent development of FHN suggest that intense seizure 
activity can lead to FHN in some cats. Cats with changes 
typical for FHN at necropsy and/or MRI may have a 
longer history with preceding epileptic seizures before 
onset of severe cluster seizures or status epilepticus. The 
presentation, results of MRI and histopathology suggest 
that cats may develop FHN secondary to severe seizure 
activity. Feline hippocampal necrosis occurs in Finland 
and should be considered a differential diagnosis in epi-
leptic cats.
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